Auguste Gires (1) , Ioulia Tchiguirinskaia (1) , Daniel Schertzer (1) , Alma Schellart The most commonly used rainfall measurement devices are tipping bucket rain gauges, 35 disdrometers, weather radars and (passive or active) sensors onboard satellites. In this paper 36 we focus on the observation scale gap between the two first devices which are considered here 37 as point measurements and weather radars. A rain gauge typically collects rainfall at ground 38 level over a circular area with a diameter of 20 cm and the sample area of operational 39 disdrometers is roughly 50 cm 2 whereas a radar scans the atmosphere over a volume whose 40 projected area is roughly 1 km 2 (for standard C-band radar operated by most of the western 41 Europe meteorological national services). Hence observation scales differ with a ratio of 42 approximately 10 7 between the two devices. A basic consequence, (e.g. Wilson, 1979) , is that 43 direct comparison of the outputs of the two sensors is at least problematic. all rely on a geostatistical framework which may tend to underestimate rainfall variability and 12 especially the extremes. Indeed this framework assumes that the rainfall field or a transform 13 of it is Gaussian, which does not enable to fully take into account the fact that the extremes of 14 rainfalls exhibit a power law behaviour as it has been shown by various authors ( The radar and rain gauge measurements of the four studied rainfall events over the 
12
-The correlation coefficient (corr) which varies between -1 and 1 and whose optimal value is 13 1: should be mentioned that this score is less commonly used than the others, 1.2 and 2 instead 24 of 1.5 were also tested and yield similar results which are not presented here).
26
Where R and G correspond respectively to radar and rain gauge data. <> denotes the average. Fig. 3 
being the scaling moment function which fully characterizes the rainfall structure and 4 variability not only at a single scale but through scales.
5
In this paper discrete cascades are implemented, meaning that the rainfall over a large scale 6 structure is distributed in space and time step by step. At each step the "parent structure" is 7 divided into several "child structures" and the intensity affected to a child structure is equal to 8 its parent's one multiplied by a random increment. In order to ensure the validity of Eq. 5 and 9 6 the random multiplicative increment must be chosen as 1 0
where λ 0 is the scale ratio between two consecutive time steps. have been used to derive the rain rate at a 1-min temporal resolution. The processing of the 38 DSD data is described in Jaffrain et al., 2011. We selected a set of 36 rainfall events for which 39 the bias between a disdrometer and a collocated rain gauge was below 10% over the total 40 rainfall amount (see Jaffrain and Berne, 2012 for details). Out of these 36 events, we selected 41 six having the largest rainfall amounts for the present study.
42
The main features of the six studied rainfall events are displayed Table 3 . Table 4 ). process. This is achieved by implementing the following methodology.
39
First the average rain rate over the surrounding 1 km 2 area with a 5 min resolution is 40 estimated by simply taking the arithmetic mean of the rain rates computed by the available 41 devices over 5 min.
42
Then the obtained field is downscaled with the help of the process described in the section to obtain a final temporal resolution of 1 min equal to the one of the two measuring devices.
46
The output of the process consists in a realistic (if the downscaling process is correct!) rainfall 47 estimate for 2187x2187 virtual disdrometers (or rain gauges) located within the 1 km 2 area. The results for the Bradford data set (Fig. 5.b) have a less straightforward interpretation.
35
Indeed the discrete nature of the measurement with tipping bucket rain gauges makes is hard 36 to analyse the results for the rain rates at a 1 min resolution. For example during the 22 June 37 event the rain rate seldom exceeds the one corresponding to one tip in a min (i.e.: 12 mm/h) 38 suggesting that the 1 min resolution is not adequate for this study which is why the temporal 39 evolution of the rain rate was also plotted with a 5 min resolution. The other two event exhibit 40 greater rain rates and the effects of the discretisation are dampened, suggesting that there is no 41 need to analyse the rain rates with a 5 min resolution. Overall it seems that the downscaling 
15
The sensitivity of the results to the choice of the UM parameter α=1.8 and C 1 =0.1 was 16 also tested as in the section 3.3. Fig. 9 displays the cumulative probability distribution of for 17 the Nash and % 1.5 scores for the same sets of UM parameters as in the section 2.3 (see Table   18 5). The same comments remain valid, i.e.: with a fixed parameter, the greater is the other one 19 the worst is the indicator, C 1 has a stronger influence than α on the computed uncertainty.
20
Therefore, both parameters are needed and results cannot be interpreted only with the help of 21 γ s . It can be added that the worst is the indicator the widest is the probability distribution. 
